We cloned the chick homolog of Xenopus and mouse Frzb-1, a secreted Wnt antagonist and performed in situ hybridisations to determine the pattern of cFrzb-1 expression in the developing chick embryo. At early stages, cFrzb-1 transcripts are located exclusively in the ectodermal layer corresponding to the neural plate. The labelling continues in the neural tube, but is always excluded from the¯oor plate. cFrzb-1 mRNA is expressed by migrating cephalic and truncal neural crest cells. Later, cFrzb-1 transcripts are found in a subset of neural crest derivatives such as cephalic cartilage, nerves and spinal ganglia. In addition to ectodermal derivatives, cFrzb-1 transcripts were also observed in mesodermal derivatives such as vertebral and limb cartilage, the adrenal cortex, the gonads, and a subpopulation of blood cells. q
Frzb Frizzled Bone proteins were ®rst identi®ed by a biochemical approach, as peptides from bovine cartilage extracts that contained bone inducing activity (Hoang et al., 1996) and have been now isolated from Xenopus (Leyns et al., 1997; Wang et al., 1997) and mouse (Leyns et al., 1997; Mayr et al., 1997) . Frzbs are secreted soluble proteins of approximately 300 amino acids containing a cysteine-rich domain (CRD) similar to the Wnt-binding region of the Frizzled transmembrane receptor family (Moon et al., 1997; Wodarz and Nusse, 1998) . Xenopus Frzb-1 binds Wnt proteins and blocks their signalling, suggesting a competition for Wnt binding between a receptor and a structurally related soluble antagonist (Leyns et al., 1997) .
We have cloned by PCR a chick homologue of Frzb-1. The cloned fragment of 138 amino acids comprises most of the CRD region and is considered to be the Frzb-1 orthologue because of its high amino acid identity to Xenopus and mouse Frzb-1 (see Section 2). Chick Frzb-1 shows important differences in expression patterns with both its Xenopus and mouse counterparts.
cFrzb-1 expression maps to the neural plate
During early neurulation, there is no detection of cFrzb-1 transcripts until the stage Hamburger Hamilton (HH) 42, when cFrzb-1 transcripts show a restricted expression pattern in the neural plate (Fig. 1A±F) . In contrast, xFrzb-1 is excluded from the neuroectodermal layer (Leyns et al., 1997) or mFrzb-1 (Mayr et al., 1997; Leyns et al., 1997; Hoang et al., 1998) can be found in all three germ layers, including anterior central nervous system, during development. The caudal extension of the neural plate (Fig.  1A ,B,F,G,H) is marked by cFrzb-1 expression. Strong expression at 14 somite-stage marks the medullary cord (Fig. 1J) , which gives rise to the neural tube during secondary neurulation (Catala et al., 1995) . Strikingly, there is never any expression in Hensen's node (HN) or in the HN-derived notochord (No) and¯oor plate (FP) (Fig.  1A ,B,E±G,I,M). In Xenopus the dorsal blastopore lip (Spemann Organizer) expresses xFrzb-1 at early stages, becoming gradually restricted to anterior endomesoderm and prechordal plate, lacking expression in the notochord (Leyns et al., 1997) . Quail/chick grafting experiments demonstrated that FP and No share the same embryological origin in HN (Catala et al., 1996; Teillet et al., 1998) . The expression of cFrzb-1 in the spinal cord but not in the HN (Fig. 1I ) provides molecular con®rmation that the FP and No arise from the same group of cells (Teillet et al., 1998) . In addition, the optic vesicles (Fig. 1K ) and the otic placodes (Fig. 1M) express cFrzb-1.
Neural crest cells express cFrzb-1
cFrzb-1 transcripts are not detected in the most anterior domain of the neural folds (Fig. 1F, arrowhead) , a region that does not give rise to any neural crest (NC) cells (Couly and Le Douarin, 1987) . At 8 somite-stage, cephalic NC cell progenitors and NC cells migrating from the midbrain strongly express cFrzb-1 (Fig. 1K,L) . At 17ss-stage, two streams of rhombencephalic NC cells migrating rostrally and caudally to the otic vesicle are strongly labelled (Fig.  1N, arrows) , like the NC-containing mesenchyme of the head (Fig. 1N, arrowhead) .
cFrzb-1 transcripts are located in a subset of NCderived cell
Within the peripheral nervous system, cFrzb-1 is expressed in a subpopulation of cells in the spinal ganglia ( Fig. 2A) . Since the most intense expression was found in the dorsal and ventral roots of the spinal nerves (arrowheads), which contain many glial cells, we concluded that cFrzb-1 probe in the ganglia labels essentially glial cells rather than the neural component. Comparative analysis of cFrzb-1 transcripts location and HNK1 immunohistochemistry (which recognises most of the NC-derivatives) shows that NC cells of the oculomotor nerves strongly express the cFrzb-1 gene (Fig. 2B,C) . In order to follow the NC cells in the branchial arches, we replaced cephalic neural folds from 4-somites chick embryos with the quail equivalent, using the QCPN antibody as a quail-speci®c marker. The chick Frzb-1 probe reacts both with chick and quail tissues. In situ hybridisation on such chimeras at embryonic day 5 showed a restricted expression of cFrzb-1 (Fig. 2D) among the QCPN-positive NC cells invading the branchial arches (Fig. 2E) . The differentiating cartilage (Fig. 2E , high magni®cation, 2G) is cFrzb-1 positive (Fig. 2D , high magni®ca-tion 2F). Muscle cells, which are QCPN-negative because not derived from the NC (Fig. 2G) , do not express cFrzb-1 (Fig. 2F) . However, isolated cells in muscle areas are positive for cFrzb-1 (Fig. 2F, arrowheads) . These cells correspond to connective tissue within the muscles which are of NC origin and are labelled with QCPN (Fig. 2G, arrow- heads). We concluded that cFrzb-1 is expressed in a wide range of NC-derivatives.
cFrzb-1 is also expressed in mesoderm derivatives
cFrzb-1 gene is expressed in the adrenal gland (Fig. 3A) . Precise comparison with HNK1 shows that cFrzb-1 transcripts are located in the adrenal cortex (Fig.3A , arrowheads) and not in the adrenal medulla, which is NCderived and HNK1-positive (Fig. 3B) . In addition, cFrzb-1 transcripts are also detected in the gonads (Fig. 3C ) and in a subpopulation of circulating blood cells (Fig. 3D) . Moreover, sclerotomal cells (future vertebral cartilage) surrounding myotomes ( Fig. 2A, arrow) and notochord (Fig. 2D) are positive for cFrz-1. cFrzb-1 mRNA is found from HH19 (E3) in the limb mesenchyme (Fig. 3E,F) . In situ hybridisation on transverse sections along the proximo-distal axis of a HH28 (E6) wing limb reveals that cFrzb-1 transcripts localised to the cartilage region (Fig. 3G ).
In conclusion, we cloned the chick homolog of the secreted Wnt-antagonist Frzb-1 gene. Despite the high sequence conservation, the expression pattern of cFrzb-1 shows differences with its mouse and frog homologues, in particular during early development.
Methods

Cloning
A partial clone of chick Frzb-1 was isolated by PCR, using degenerated oligonucleotides located in conserved regions of xFrzb-1 and mFrzb-1. The cFrzb-1 clone encodes a 138 aminoacid fragment comprising most of the CRD region (also known as sFRP-3, Wodarz and Nusse, 1998) , with 86 and 88% homology to Xenopus and mouse proteins, respectively. The next closest related protein is mouse sFRP-4 (66% identity). The Genbank accession number is AF153476.
In situ hybridisation and immunohistochemistry
Embryos were processed for in situ hybridisation to wholemounts and sections as previously described by Duprez et al. (1998) . NC and quail cells were detected using HNK-1 and QCPN mAbs, respectively (Developmental Hybridoma Bank, University of Iowa, Iowa City).
Quail/chick chimeras
Microsurgery was performed on embryos at stage HH7. Bilateral cephalic neural folds from chick embryos were replaced by their quail counterparts. Embryos were ®xed 3 days after grafting, embedded in paraf®n and sectioned onto alternating slides.
